Exercise training results in physiological changes and adaptations that are highly beneficial to the human organism. However, a high volume of training can also place a tremendous amount of stress on the organism and result in physiological maladaptations or other detrimental effects. One physiological system that is extremely sensitive to the stress of exercise training is the reproductive endocrine system. The hormonal response to exercise is dependent on several factors including the intensity, duration, mode of exercise, and training status of the subject [20]. But most authors have focused only on the effects of endurance training on the responses and adaptations of male reproductive hormones. In this regard, it is well documented that endurance training can maximally stimulate the hypothalamic-pituitary-adrenal (HPA) axis [24], but it is not clear whether the different modes of exercise can affect the hormone response.
Ozen S.V. trained (n=9, 21.2 ± 2.3 years) and control groups (n=10, 21.4± 2.1). Their physical characteristics are presented in Table 2 .
All measurements were made in triplicate on the right side of the body by the same investigator. To be eligible to participate in the study, subjects were required to meet the following criteria: 1) 18-25 years of age; 2) no injury history for the lower extremities that caused a subject to seek medical help within 1 year before recruitment;
3) no history of use of medications that could alter the hypothalamic-pituitary-gonadal (HPG) axis, such as anabolic steroids; 4) no history of chronic disease, including reproductive disorders; 5) regular eating patterns and no history of depressive illness.
Written informed consent was obtained from all subjects after they had received a full explanation of the study procedures. Subjects did not change their usual activity during the period of the study.
The study was performed in accordance with the Helsinki Declaration of 1975, and was approved by the Ethical Committee of the University of Abant Izzet Baysal.
Study design
After pre-testing, the subjects in the training group performed 6 weeks of plyometric training ( Table 1 ) modified from that of Spurrs et al. [27] , designed for the lower extremity, while the control group did not participate in any plyometric exercises. The plyometric programme involved two sessions per week for the first 3 weeks and three sessions per week for the final 3 weeks. Exercises consisted of various bounds, hops, and jumps in both horizontal and vertical planes. Prior to each session, all subjects underwent a 15-min dynamic warm-up including run throughs, leg swings, skips, ankle bounces, as well as static stretching. Progressive overload principles were incorporated into the programme by increasing the number of foot contacts and varying the complexity of the exercises. For all exercises subjects were instructed to give maximal efforts with minimal ground contact times. The plyometric training group trained at the same time of day, throughout the study. During the training, all subjects were under direct supervision and were instructed on how to perform each exercise.
Three resting blood samples were drawn at baseline (t0: before the plyometric training; control), midpoint (t1: end of third week) and at the end of the study (t2: end of sixth week), 48-72 h after the last training session. All subjects reported to the laboratory at the same time of day (between 08.30 and 09.00) after an overnight fast, having consumed no alcohol or caffeine for at least 24 h nor exercised within the previous 24 h. Subjects were made comfortable for at least 10 minutes before blood collection. A blood sample was then withdrawn by clean venepuncture from each subject for the determination of resting levels of the following hormones: luteinizing hormone (LH), follicle stimulating hormone (FSH), testosterone, prolactin and cortisol. The blood samples were allowed to clot at 4°C and then centrifuged at the same temperature. The serum obtained was separated and frozen at -70°C for later analysis and all samples were assayed on the same day in duplicate.
Anthropometric measurements
Height was measured to the nearest 0.1 cm using a Holtain fixed wall stadiometer. Body mass was measured to the nearest 0.01 kg using a beam balance. BMI was calculated as weight in kilograms divided by the square of height in metres. Skinfold thickness was measured at four sites (triceps, biceps, subscapular and suprailiac) on the right-hand side of the body using calipers (Skinfold Caliper Baseline MM, Fabrication Enterprise Incorporated, New York, US).
Several trials were repeated until three tests yielded a difference of less than 0.5%. Body density was calculated using a four-site formula and percent body fat was then estimated using the Siri equation [7, 25] . All body weight measurements were obtained with subjects wearing shorts and a tee shirt, without shoes. We observed a significant decline in total testosterone (-23.99%), FSH (-12.09%) and cortisol (-13.39%) levels and a significant increase in serum prolactin (19.93%) level after the six-week plyometric training compared to the baseline level in the training group. All of these results were statistically significant (paired sample t-test, P<0.05). Serum LH levels showed a trend to increase (6.61%) after the six-week plyometric training, but this did not reach statistical significance (paired sample t-test, P>0.05) ( Table 3) .
Correlation
When the correlation coefficients were calculated to examine the relationships among the various changes, there were no significant results.
DISCUSSION
To the best of our knowledge, this is the first study to specifically evaluate the endocrine response to plyometric training in recreationally active males. The results of this study demonstrate that strenuous six-week plyometric exercise training decreased serum levels of testosterone, cortisol and FSH and increased serum levels of prolactin.
The decrease in resting testosterone found in our subjects is in agreement with previous research [2, 21, 24] . At present, the cause of the decrease in testosterone after six-week plyometric training is still unclear. It is possible that exercise training has an affect on the hypothalamus or a direct influence on the testicular secretion of testosterone. Several pathophysiological mechanisms have been proposed to explain the perturbation of the HPG axis including loss of body mass and body fat, impairment of central stimulation of the gonads and peripheral factors [17] .
Effects of body mass and body fat on testosterone can be reason-
ably ruled out given that the body mass and percent body fat of the subjects remained stable during the study. Although some authors have reported changes in basal pulsatile LH release in cross-sectional studies [10] , we observed the present decline in serum testosterone levels without change in measures of LH release in this investigation. The lack of changes observed in basal LH is in line with several previous studies [2, 13] .
Altered central stimulation of the gonads through suppression at the hypothalamic or pituitary level by other hormonal systems such as cortisol or prolactin can also produce lowered testosterone levels. Small amounts of prolactin seem necessary to work synergistically at the testicle with LH, while excessive levels disrupt both central and peripheral aspects of the HPG axis [3] . In the present study the serum prolactin level was increased after plyometric training and the decrease in testosterone may be mediated by the inhibitory effect of hyperprolactinaemia on the HPG axis [1] . The exact mechanism for this lower testosterone effect is uncertain, but may be due to interference with Leydig cell receptors and/or direct inhibition of the steroidogenic synthesis pathway.
In addition, our results also may be explained by peripheral mechanisms, such as greater use of testosterone by muscle tissue and/or greater hepatic clearance of the hormone throughout strenuous physical activity [5] . The concentration of testosterone in the circulation is a function of the amount of hormone entering (testicular production and secretion) and the amount leaving (metabolic clearance) the blood pool [13] . Although this area is in need of much further investigation, one could expect exhaustion of testosterone production to a certain extent as the result of these peripheral factors.
Wheeler et al. [29] suggested that catecholamine may have an inhibitory effect on testosterone production or release under conditions of extreme stress. In agreement with previous research [9, 15, 17, 18, 22] a decrease in resting cortisol was found in our subjects. The finding that cortisol is decreased after six-week plyometric training contrasts with previous studies that found increased cortisol after long-term strenuous physical training [4, 11, 14, 26] .
The lack of agreement between their findings and our results may be explained by the different mode of exercise conducted in the majority of their studies on endurance training.
At present, the cause of the decrease in cortisol after six-week plyometric training is still unclear. It is possible that a decrease in cortisol concentration is caused by adrenal exhaustion. The decrease in catecholamine levels reported during maximal exercise in over trained athletes is attributable to adrenal exhaustion or the so-called parasympathetic form of overtraining [28] .
Although our investigation is limited by the fact that we did not measure adrenocorticotropic hormone (ACTH), from the findings of other investigations it could be expected that an inhibitory and/or exhausting mechanism was responsible for the decrease in cortisol found in our subjects -that is, decreased sensitivity of the HPA axis to cortisol negative feedback in a prolonged stressful situation, and/or decreased responsiveness of cortisol to ACTH stimulation [16] . 
CONCLUSIONS

